The aim of the present study was to compare body fat percent (BF %) using single-site near-IR reactance (NIR) and dual-energy X-ray absorptiometry (DXA) in a cohort of normal-weight (BMI , 25 kg/m 2 ) black (n 102) and white (n 71); and obese (BMI $ 30 kg/m 2 ) black (n 117) and white (n 41) South African women (18-45 years). NIR-derived BF % was significantly correlated with DXA-derived BF % in all groups: normal-weight black (r 0·55, 95 % CI: 0·40, 0·67, P, 0·001) and white (r 0·69, 95 % CI: 0·53, 0·79, P,0·001) women; obese black (r 0·59, 95 % CI: 0·46, 0·70, P,0·001) and white (r 0·56, 95 % CI: 0·30, 0·74, P,0·001) women. NIR under-predicted BF% compared to DXA in black women (normal-weight, 2 4·36 (SD 4·13) % and obese, 2 3·41 (SD 3·72) %), while smaller mean differences were observed in white women (normal-weight, 2 0·29 (SD 4·19) % and obese, 20·81 (SD 3·09) %), irrespective of normal-weight or obese status (P,0·001). In obese subjects, NIR-derived BF % did not measure values greater than approximately 45 %, while the maximum DXA-derived measure was 58 %. In conclusion, although there was a significant relationship between NIR-and DXA-derived BF %, NIR under-predicted BF % in normal-weight and obese black South African women compared to DXA, but to a greater extent in subjects with very high levels of adiposity (. 45 %). The results of single-site NIR as a measure of BF % should therefore be interpreted with caution, particularly in women of African descent and in those with very high levels of adiposity.
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Ethnicity: Dual-energy X-ray absorptiometry: Body composition: Obesity Obesity has become a global epidemic in both developed and developing countries (1) . In South Africa, urbanised women, in particular, are at an increased risk of developing obesity with more than 58 % of black and 49 % of white women classified as overweight or obese, based on BMI (2) . Since increased adiposity is associated with increased CVD risk (3) , a rapid and cost effective method of quantifying body fat percent (BF %) is becoming an increasingly important aspect of health risk appraisal and research.
Traditionally, BMI (kg/m 2 ) has been used as a proxy measure of adiposity in health screening and in large epidemiological studies. However, the relationship between BMI and BF % is influenced by factors such as muscularity and ethnicity, and therefore varies by population (4 -7) . There are more precise methods of quantifying BF %, such as dual-energy X-ray absorptiometry (DXA) (8) and underwater weighing (9) . However, these methods are not always feasible for large-scale health screening and research due to the high cost and limited access to facilities, particularly in developing countries. In contrast, near-IR reactance (NIR) is a practical field measure of BF %, which may be used in situations where methods such as DXA and underwater weighing are not practical.
The validity and limits of agreement of NIR as a measure of BF % have been shown to be population specific. A recent study comparing NIR to underwater weighing, has reported that NIR tended to over-estimate BF % in lean individuals and under-estimate BF % in individuals with higher levels of adiposity (10) . Studies in individuals with darker skin tone, including American Indian women (11) and African American men (12) , found that NIR under-reported BF % when compared to a criterion measure, such as underwater weighing. However, to our knowledge, there are no studies that have examined the ability of NIR to estimate BF % in black African women. Studies in the USA and South Africa have shown that black African women have less visceral fat and greater peripheral fat compared to their white counterparts (13 -15) , which may affect the validity of the measurement. Therefore, the aim of the present study was to compare BF % measured using single-site NIR and DXA in a cohort of normal-weight and obese, black and white South African women.
Methods

Subjects
The study sample consisted of normal-weight (BMI , 25 kg/m 2 ) black (n 102) and white (n 71); and obese (BMI $ 30 kg/m 2 ) black (n 117) and white (n 41) South African women aged 18 -45 years old, recruited from church groups, community centres and universities. Subjects were excluded from the study if they were pregnant or lactating, or had any known disease or were taking any medication that might affect body composition. The present study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures were approved by the Research Ethics Committee of the Faculty of Health Sciences at the University of Cape Town. Written informed consent was obtained from all the subjects before participation in the study.
Body composition assessment
Weight (in light weight clothing without shoes) and height were measured. BF % was measured by single-site NIR (Futrex-6100 A/ZL, Futrex Inc., Gaithersburg, MD, USA) as described previously (16) . Briefly, the subjects' sex, weight, height and age were entered into the NIR device that was then zero-adjusted according to the manufacturer's instructions. Each subject sat with her dominant arm relaxed on an examination table, while the light wand of the NIR was placed on the biceps muscle at the mid point between the elbow and the shoulder. The reading is determined via an IR light which penetrates approximately 1 cm into the tissue of the measurement site. Scans are made over a range of wavelengths from 700-1100 nm and the average of six optical density readings are used to derive BF %. A NIR light shield was used to block out any surrounding light which could affect the measurement. The CV for BF % measured by NIR on forty-five obese individuals on two occasions on the same day in our laboratory was 13·6 % (SEE 2·6).
Whole body composition was assessed using DXA (Hologic QDR 4500 Discovery-W dual-energy X-ray absorptiometer, software version 4.40, Hologic Inc., Bedford, MA, USA) according to standard procedures, with an in vivo precision (percentage of CV) of 1·7 % for fat mass. The arm replacement method was used to measure whole body composition in those subjects that exceeded the scanning region (17) .
Statistical analysis
The data were analysed using the STATISTICA version 7 (StatsSoft Inc., Tulsa, OK, USA). All data are expressed as means and standard deviations. Differences in groups were compared using ANOVA, adjusting for age where appropriate. Pearson product-moment and Spearman's rank order correlations were used to describe the relationships between the two techniques. As there were no differences in the interpretation of the results, only Pearson correlation coefficients are reported. Limits of agreement between the two measurements of BF % were determined using the technique of Bland & Altman (18) . One-way ANOVA was used to determine if the bias in NIR-and DXA-derived BF % was different by group. Significance was accepted at P, 0·05.
Estimated sample size was calculated from the data of normal-weight white women assuming a minimum difference of 3 % body fat between techniques and a standard deviation of 4 % within a group (www.newstats.org). This calculation predicted a minimum sample size of twenty-nine subjects per group using a power of 80 % (1 2 b) and an a level of 0·05. However, as the variation within the black obese and normal-weight subgroups was not known, this sample size was increased to guard against a potential lack of statistical power.
Results
Subject characteristics
The subject characteristics of the normal-weight and obese, black and white subjects are described in Table 1 . The obese 
DXA, dual-energy X-ray absorptiometry; NIR, near-IR reactance; BF %, body fat percent. P values are adjusted for age. * Normal-weight black v. normal-weight white (P,0·05). † Normal-weight black v. obese black (P, 0·05). ‡ Normal-weight white v. obese white (P, 0·05). § Obese black v. obese white (P,0·05).
subjects were older and had a greater body weight, higher BMI and increased adiposity compared to the normal-weight subjects. There were no differences in height between the normal-weight and obese women of the same ethnicity. The white subjects were older, taller and heavier than black subjects (P,0·05). There were no ethnic differences in BMI in normal-weight women (P¼0·20); however, in obese women, BMI was higher in black compared to white women (P,0·05). In normal-weight women, white women had a lower DXA-and NIR-derived BF %, than black women (P,0·01). However, in obese women, BF % measured by DXA was greater in black compared to white women (P,0·01), but when measured by NIR, BF % was greater in white compared to black women (P,0·05).
Bivariate relationship between near-IR reactance-and dual-energy X-ray absorptiometry-derived measures of body fat percent
The bivariate relationship between NIR-and DXA-derived measures of BF % for each group is shown in Fig. 1 . NIRderived BF % correlated significantly with DXA-derived measures in both normal-weight and obese black women (r 0·55, 95 % CI: 0·40, 0·67, P, 0·001 and r 0·59, 95 % CI: 0·44, 0·68, P, 0·001, respectively) and normal-weight and obese white women (r 0·69, 95 % CI: 0·53, 0·79, P, 0·001 and r 0·56, 95 % CI: 0·30, 0·74, P, 0·001, respectively). In obese subjects, NIR-derived BF % did not measure values greater than approximately 45 %, while the maximum DXAderived measure was 58 %. Using DXA, 18 % of white women and 26 % of black women had BF % . 45 %, resulting in a large under-prediction of BF % by NIR in these women.
Limits of agreement between near-IR reactance-and dual-energy X-ray absorptiometry-derived measures of body fat percent
The Bland -Altman limits of agreement between NIR-and DXA-derived BF % are shown in Fig. 2(a) and (b) for the black and white subjects, respectively. NIR under-predicted BF % compared to DXA in black women (95 % CI for the mean difference: normal-weight, 25·2 to 23·6 and obese, 24·1 to 2 2·7) but not in white women (95 % CI: normal-weight, 2 1·3 to 0·7 and obese, 21·8 to 0·2). There were no differences in the bias between the normal-weight and obese black (P¼0·54) or white women (P¼0·99). There was no observable pattern in the variation between BF % measured by NIR and DXA up to 45 % body fat, beyond which NIR under-predicted BF %.
Discussion
Although single-site NIR is a practical field method for the measurement of body composition, it under-predicted BF % in normal-weight and obese black South African women compared to DXA. The degree of under-prediction was much greater in subjects with very high levels of adiposity (. 45 %). BF % measured by NIR appeared to level off at approximately 45 %, while DXA measured up to almost 60 % body fat. The degree of under-prediction of BF % by single-site NIR could be related to several methodological limitations, including the impact of skin colour (19) , body fat distribution patterns (11) and measurement site (20) on NIR. There is a paucity of data available on the use of NIR in black Africans and other ethnic groups. We show that NIR under-predicts BF % significantly more in black (approximately 4 %) compared to white (approximately , 1 %) women, irrespective of body size. Similarly, Hicks et al. (11) reported that single-site NIR under-estimated adiposity by an average of 4·4 % compared to underwater weighing in 146 American Indian women (age 34·3 (SD 10) years; BMI 25·5 (SD 4·3) kg/m 2 ). However, these results were not compared to another ethnic group of similar body composition. The impact of skin tone on optical density measures, the basis of the NIR methodology, could possibly explain these findings. In a cohort of white, black, Hispanic and American Indian men (n 150), skin tone explained a significant amount of the variability in optical density at the biceps site (16 %), beyond that explained by skinfold thickness alone (41 %). Moreover, individuals with darker skin colours tended to have a smaller change in optical density, indicative of decreased subcutaneous adiposity compared to those with lighter skin colours (19) . Therefore, darker skin colour could impact on the relationship between BF % and optical density and confound the use of NIR in this population. Melanin has been shown to affect absorption and/or reflectance of light at low wavelengths (21) , however, little is known about this effect at higher wavelengths (. 700 nm) that are used for the measurement of BF % by NIR. If melanin is found to have an effect at higher wavelengths, the inclusion of a measure of light absorption/reflectance in the NIR algorithm should be considered.
Alternatively, these differences may also be explained, in part, by ethnic differences in body fat distribution, as singlesite NIR is measured at one focused point on the bicep, and therefore may not be a sensitive measure of whole BF %. Ethnic differences in body fat distribution have been reported (7) , with black South Africans and African Americans having less visceral fat and more peripheral subcutaneous fat than their white counterparts (13 -15) . Hicks et al. (11) proposed that NIR under-predicted BF % in American Indian women due to differences in body fat distribution compared to white populations, on which NIR (Futrex-5000) equations were determined. Moreover, by incorporating hip circumference, biceps and chest optical density, physical fitness, age and height into a regression equation, 79 % of the variance in BF % in the American Indian women could be accounted for compared to only 36 % using single-site NIR (biceps optical density) and 62 % using multi-site NIR (abdominal, subscapular, thigh, chest and biceps optical density) (11) . Since black women have decreased centralisation of body fat and increased peripheral fat mass compared to their white counterparts (7) , perhaps use of the biceps as the NIR measurement site, which was shown to be the best predictor of total BF % (r 0·85) in middle-aged white men (20) , is not appropriate in black women.
The inability of NIR to accurately measure BF % is not unexpected when one considers the lessons learned from other body composition methods that extrapolate total adiposity from a measurement of one body segment. For example, the skinfold thickness method operates on the assumption that subcutaneous adipose tissue is representative of total body fat and that fat-free mass density is uniform in all populations. Further, the NIR beam only penetrates to a depth of approximately 1 cm. Therefore, differences in total adiposity and body fat distribution may affect the validity of the measurement. This has resulted in the development of over 100 population-specific equations with correlation coefficients for women ranging from r 0·72-0·84, compared to criterion methods (22) . Just as there are population-specific equations for fat predicted from skinfold measurements, it is likely that population-specific equations for single-site NIR should be derived and validated to account for ethnic variations in body fat distribution patterns. This is highlighted by the fact that BMI, a gross estimate of body fatness was a better correlate of DXA BF % than NIR in obese black women (r 0·75, P, 0·001). In contrast, the correlation between NIR and DXA BF % was stronger than BMI in normal-weight black (r 0·46, P, 0·001) and white women (r 0·63, P, 0·001), and obese white women (r 0·53, P, 0·001).
When comparing normal-weight and obese individuals within each ethnic group, we found a similar magnitude of difference in BF % between NIR-and DXA-derived measures, with NIR under-estimating BF % equally in normal-weight and obese women. Other studies have shown that NIR consistently under-predicts BF % in obese individuals (23, 24) , with the degree of under-estimation increasing with increasing levels of adiposity (25) . This is confirmed in the present study; in particular as NIR appeared to level off at approximately 45 %, while DXA measured up to almost 60 % body fat. NIR may therefore be inappropriate for use in very obese populations. The findings of studies investigating the validity of NIR in non-obese individuals are not as consistent as in obese individuals. A study reported that NIR accurately estimated BF % in non-obese and lean individuals compared to underwater weighing (24) , while a more recent study reported that NIR, when compared to underwater weighing, overestimated BF % in lean individuals (10) . In contrast, we found that NIR under-predicted BF % in the black, but not white normal-weight subjects.
To our knowledge, this is the first study investigating the use of NIR in black and white South African women, and is the largest study to date investigating NIR as a measure of body composition in black African individuals. We do, however, acknowledge the limitations of a single-site NIR measurement. However, we chose single-site NIR in order to test the accuracy of an economical (time and money) field measure of BF % that would be applicable to a large scale study. Furthermore, Hortobágyi et al. (26) have shown that NIR measured at multiple sites does not improve the measurement of BF %. Most of the previous studies have used underwater weighing as the criterion measure when validating NIR. However, as DXA is widely accepted as a state-of-the-art tool to measure body composition, it was chosen as the criterion method for the present study.
In conclusion, the results of the present study suggest that single-site NIR should be used with caution in women of African descent and individuals with high levels of adiposity. Furthermore, investigation of ethnic-specific field techniques for quantifying body composition in individuals with varying levels of adiposity, as well as longitudinal intervention studies examining changes in body fat are required for the purposes of both health risk assessment and research.
